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ABSTRACT 

Rocks, and the soil forsed fros rock, play a sajor 
role in determining such particulars as the type of crops that can be 
grown in a specific area and the type of housing that can be 
const£\icted. Also, rocks say supply fuel and building saterials, and 
profide inforsation about the history of an area. This unit is 
constructed to ezpose secondary students to the forces that ha?e 
detersined the topography of an area, data on and field experience in 
fossil collecting, fariance of rocks and fossils in different areas 
and how this inforsation affects the city dweller's life through such 
illttstratife exasples as zoning decisions and considerations in 
purchasing a hose* Teaching aid saterials include beha?ioral 
objectifes of the unit, a suggested tise line, suggested 
sethodologies, lists of appropriate filss and filistrips, and 
suggested e?aluati?e instrusents. (BLB) 
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Geology and Our Envlronnent 



Foretrorc' 




The roc'ule focuaco on four broad topics: 

1) ^Iliat forces have shaped the hills and formed the soils In 
our county? 

2) !7hat are the fossils found near Topekar 

3) ^'.mf do the rocks and fossils of ICansas vary across the state? 
A) "oty does <»eolo:^y affect the city dweller's life? 

ThesG tctjlcc are developed t7lth class and Individual activities, fllns^ papers 
and a trip to Calhoun Eluffs. The achleve'^ent of the stated -oals Is guided w 
be tavloral objectives, teacher suRpeatlons , and questions to the students with 
eacA activity, flln, and paper. The acMcver.ant Is Measured with carefully 
written aad evaluated tests based on the behavioral objectives. 




'Robert ^. Klnn 
Secondary Prof»raji Specialist 
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Ilodule Goals r The module seeks to reinforce and expand knowled^.e In the 
following areas; 

1) \/hat forces have shaped the hills and formed the soils in 
our county? 

2) \Jhat. fossils are found near Topeica, and how do you find them? 

3) How do rocks and fossils of Kansas vary across the state? 

4) Hot/ does reology affect the city dweller's life? 



USE OF TEACUIUr, l iATURIALS 

The sucsested tine line for this nodule is provided to allot/ easier planning. 

Tbe ''lodulc Haterials List ' indicates the supplies you need to obtain to teach 
Uie module. 

Film descriptions describe suBsested and optional films and filmstrips. 

A brief summary of the development and use of the behavioral objectives proceeds 
the list of behavioral objectives uhich indicate the concepts and abilities that 
i»:ost of your class should Rain from studying this nodule. 

The posttest for this module is included with the correct answers circled. This 
allo»/8 you to see the types of questions keyed to the behavioral objectives. 
Please do not teach the questions, but use the behavioral objectives. Many 
objectives concern concepts v/hlch require interpretation and extrapolation. 
Teachinc the test questions requires only rote memorisation. Student pre and 
posttest results are reported usinR this form. 

Tlie rest of this manual contains the papers available in the student manual. 
Following each one of the student papers, you will find sheets of green paper. 
These pa^es contain: 1) behavioral objectives tied to the paper; 2) sugcestions 
for presenting the paners; and 3) answers to the student self- test questions. 
Particular attention should be given to the film material before presenting the 
film. 
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SUGGESTED THE LIIIC FOn MODULE ACTIVITIES 

The tine line bclox/ Is urltten In the Ideal sequence of events with the averace 
time required for teaching each actlv ty Indicated in parentheses. The times, of 
course* will vary from class to class. The day, or days, planned for each 
activity may be noted in the blank spaces to the left of each paper to be used. 

Day Before the Field Trip 

Arrange the field trip date with the project staff, and obtain 
the student pretests. Obtain approval for the field trip dates 
from the building principal (use Paper K-2) . Invite him to 
visit the field trip. 



Schedule the film "Earth Science: Parade of Anciant 
Life" for day 2. Duplicate copies of r.-3. 



,30 Qin. 1. Hand out student books, n d, and discuss the "Introduction, 

Paper A. Send home parental permission sheets. 



Obtain a 16taB projector. 



55 oln. 2. Read Paper B, "Ancient Life" and view the film, "Earth 

Science: Parade of Ancient Life." 

55 nin. 3, Road Paper C, "Geology of Kansas." 

55 min. A. Read and discuss Paper D, "Calhoun Bluffs - A General 

Description." 

,55 Din. 5. Read and discuss Paper E, 'Fosnils - I/hat Ilade Them. ' Have 

a short drill on ideixtification of the larger fossils. 

Call the Environmental Education Office (357-0351, Ext. 28) 
to confirm arrangements for the substitute, the tliies of 
departure and nunber of students participating. 



Remind students to return parental permission slips and 
notify other teachers of the field trip. Duplicate F-7&G. 



Psad and discuss Paper F, 'Geological Description of 
Calhoun Bluffs." Use the transparencies in Appendix B 
to develop the concept of correlation of rock layers. 

Give students the appropriate set of field trip rules and 
regulations, as contained on Page H-A. Prep.'re your lesson 
plans for the substitute. 

Read and discuss Paper G, "Does Geology Affect Us?" 

Field trip - 3 hours. Give the substitute her instructions. 
Bring student permission slips on the trip with you. 

Review; the field trip and module objectives using the 
behavioral objectives (pages 7-9). 

Giv* the post-module test. Fill out the unit evaluation 
f ), and return the tests and f'^rms to the project office. 



70 min. 6. 



10 nin. 7. 



,45 nin. 8. 

,3 hours 9. 

,30 min. 10. 

30 min. 11. 
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Ilodule Ilatorlals List 

The following list contains the materials which you could use to teach this module. 
The materials are organized In the sequence of use. 

1. Teacher's Guide to the Ilodule. 

2. One "Geolocy and Our Environment" student booklet per student. 

3. Three '-Requesta to the Principal for Field Trip" forms per trip. 
(Duplicate page h-2) 

4. One 'Parental Permission" sheet per student and 10 extra copies/class. 
(Duplicate page H>3) 

5. One worksheet per student for Paper F, "A Geological Description of 
Calhoun Bluffs." (Duplicate pages F-7 and F-8) 

6. One field trip worksheet per student. (Duplicate pages H-5, H-6) 

7. Tlircc correlation transparencies for use with Paper F, and an overhead 
projector. 

8. Clipboards for the field trip will be supplied by the Outdoor-Environmental 
Education Project upon request. 

9. Post-module teacher evaluation packet (to be returaed) . 

10. Post-module tests and answer sheets. 

11. Post-module test results. 



Audio-Visual Supplies Needed 

Only the film below Is recommended for this module. This film may be obtained 
from the Topeka Public Schools Audio-Visual Department. 

Earth Science: Parade of Ancient Life - color, 14 mln. University of Indiana 

Examines the evidence concerning the origin and development of living forms ^ 
providing a general framework for fossil study and for the appreciation of earth 
history and paleontology as fields of investigation. Film shows specimens, 
reconstructions, and dioramas representing typical life forms in Paleozoic, 
?Ie802olc, and Cenozoic eras. Surveys the evidence for organic evolution and 
changes in climate and landforms. ShmJB the relationship of ancient life to 
our present-day natural resources. 
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A Word About BcKivloral Oljcc elves 

The poals of this module .-ire defined throufjh the use of behavioral objectives. 
The behavioral objectives astahllsh a predetemined 30.1I toward which learning 
Is to be directed and by wMch nttainnent "nay bi: measured. This unit is intended 
to develop student changes in both the cornltiv<B (knowledge) and the affective 
(attitude) domains. T]\c behavioral objectives for this unit contain these basic 
parts: 

1) The concept, or skill bein<^ evaluated, 

2) The method by which the evaluation will occur (multiple-choice), 

3) The expected criterion (percent of students who should correctly respond). 

4) T>^e Bloon's taxonomy level at v^hich the concept will be tested, 

5) The audience (participating, students) • 

6) The expected behavior (selectinp: the best answer). 

The present trend in education is toward stricter educational accountability, 
Behavioral objectives !ielp define sonc of the desired outcomes for which education 
can be accountable. 

Student learnlnc; is not all at the sane lavel. For example, direct recall of a 
fact requires fewer mental manipulations than applying a concept to a new situation. 
One system for indicatin;; the level of difficulty of a desired response is through 
the use of Rloom^s taxonomy. The higher the Clocu^s number assigned to an objective, 
the higher the level of desired competence with a particular concept. Following 
are descriptions of Bloom* s levels assigned to each objective. 



Ifnowledge Level 



Cosnitivc Objectives 



Intellectual Level (Cowtitive) 



1,12 
1,21 
1,22 
1,23 
1,24 
1,25 
1.30 
1.31 
1-32 



ICnowledge 
!Cnowledf;e 
Knovdedpe 
'^Jiovledpe 
i^novrledse 
ICnowledge 
Knovrled^e 
Knowled<;e 
ICnowledge 



of Specific Facts 

of Convention 

of Trends and Sequences 

of Classifications and Categories 

of Criteria 

of Methodolof^y 

of Universals and Abstractions in 
of Principles and Generalizations 
of Theories and Structures 



2.10 Translation 
2.20 Interpretation 
2,30 Extrapolation 
3. CO Application 
A. 10 Analysis of Elements 
4,20 Analysis of Relationships 
field 



Affective Objectives 



1,0 



RcccivinR Level 
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1.1 Awareness 

1.2 Uilllngness to iieceive 

1.3 Controlled or Selected Attention 

2.0 Responding Level 

2.1 Acquiescence in Responding 

2.2 ITillingncss to Respond 

2.3 Satisfaction in Response 



3.0 Valuins Level 

3.1 Acceptance of Value 

3.2 Preference for a Value 

3 . 3 Comtaitment 

4.0 Organization Level 

4.1 Conceptualization of 
a Value 

4.2 Organization of a 
Value System 
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Affective Objectives 
(Continued) 

The following behavioral objectives are Intended to give teachers direction during 
the teaching of this unit. The beUvloral objectives define only key concepts 
basic to the entire unit. They do not define all the learning experiences that 
will occur. The objectives will be revised as more student data becomes available. 
This data will provide the necessary Information to calculate realistic criterion 
levels . 

Please teach with the objectives, not the test questions, In mind. For the knowl- 
edge level objectives, students are expected to know specific things. However, 
for the Intellectual level objectives, students are expected to take knowledge, 
apply It to an unfamiliar situation, and determine the best answer. Teaching the 
test question turns a level 2, 3, or A test question Into a level 1, or knowledge 
level question. 
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1 Attitude questions are answered completely and 2.2a all 
truthfully (as Pleasured by a and b belm;). 

a) ninety percent of all students will respond 
to each opinion question* 

b) :!o more than 10 percent of the students 
trill use patterned responses to unit 
evaluation questions. 

2 A5 Environmental Education Project Hodules are 3.2a 702 all 

worth studylnR. *Posttest question only. 

3 29 All schools should teach more about the trays 3.2a lOZ all 

the envlrotment affects people and people 
affect the environment. 

4 Select the areas of Kansas t^lth the oldest 1.22c 402 B,C,U 
and youngest rock layers near the surface. 

5 15 Select the area of ICansas most likely to 1.22c 20Z B.H 

offer dinosaur fossils In rock layers 
near the surface. 

6 19 Select the areas of Kansas most likely l,22c 20X B,C,F,G,H 

to contain coal In rock layers near the 
surface. 

7 20 Indicate that fewer than one out of every 1.30c 7.0% B,C,II 

1000 animals which die will become a 
fossil. 

8 21 Given four sketches of rock layers 2.20c 202 C,II 

deplctln? anticlines, syncllnes, flat 
layers, and eroded anticlines, select the 
sketch of the area most likely to yield 
larce quantities of oil. 

9 22 Select tha area of Kansas with the greatest 1.22c 20% C,n 

contrasts In physlor,raphy. 

10 18 Select the most probable effect of mountain 1.31c 20% C.H 

bulldlnc on the surroundlnj? land. 

11 7 Indicate that more material is not/ beln{» 1.22c 20% D,G,n 

lost through erosion than Is gained through 
deposition in Kansas. 



ERIC 



llodulc: 2 Page ^ 

o poo 

M <• (0 « ST 

cro #-» OHH(DLj.^rt 

P IS si d 

» < » Q 2.^ 2.5 2 » S » l» 



12 5 Indicate that rocks (other than el«)clal) 1.12c 20% D,F,H 

lees than 250 million years old have eroded 
fron Shatmee county. 

1^ 6 Identify the origin of the red quartzite 1.12c 30% D,H 

boulders found in Topeka. 

14 17 Indicate that soil was the loost valuable 1.2A.: 20% D,U 

material deposited by the Kansas glacier. 

15 11 Ilatch the word • crinoid" with a picture 1.12c 40% E,II 

of its plates. 

16 14 'latch a sketch of an ectoproct with a 1.12c 20% E,H 

description of its food f>^atherin<; 
mechanism. 

17 23 Select the picture of a brachiopod fron 1,12c 30% E,H 

a set of four sketches. 

18 4 Select the type of habitat responsible 1.12c 30% F,1I 

for depositing the ip^^erial in line- 
stone rocks. 

19 16 Select the habitat responsible for 1.12:, 25% P,H 

depositing; the material in shale rocks. 

20 8 Given a cross-sectional sketch of a 1.21c 40% F,H 

cliff, identify a limestone layer. 

21 9 Given the above sketch, Identify a 1.21c 40% P»n 

shale layer. 

22 24 Given a set of four cross-sections of rock 2.30c 20% F,II 

layers t;hich can be correlated, select 
the oldest and youn<Test layers of rock 
in the set. 

23 10 Given a oross-sectional sV^tch of a 1.21c 20% G,H 

clifi , students shall be able to select 
the bed of rocks best suited for buildinp 
naterial. 
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24 25, Given a set of four descriptions of the upper l,2Ac 20% G,H 
£r 26 10 feet of soil and rock, students shall be 

25 able to pick the condition most likely to 
cause two specific problenis vith hone 
construction • 

26 13 Given a sketch of rock layers on one side of 2,10c 15% H 

a slump, select the best explanation of the 
cause t 

27- 1-3 Identify labled specimens of limestone, 1,12c 30% II 

29 shale, and echinoid fossils. 
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The followlnj5 pn<»e3 Indicate hot; your clarj3(os) responded, to the pre and poat- 
Kiodule tests. The follo\Tinf; coda la used thro» "hout the test. 

A - Percentace of stur^ents respondlnjj correctly on the pre-module test. 

I) - Perceiita<*e of atudents respondlnp correctly on the post-module test. 

C - Percent growth expected between pre and post-nodule tests. 

T> - ?hl 5?core for the test Item. This score shov;s the quality of the test 
questions. Phi scores belou 25 Indicate either a poof test item or a 
topic that v;as not taujrht v;ell in the unit. Phi scores above 40 indi- 
cate a very c.ood test iten i;l:lch u.is v/ell taught. 

The opinion questions have tr/o scores listed for each test result. '+• scores 
indicate the pcrcentafye of students ai'.reeinr, with t'.ie statement and scores 
indicate those disa'»reGlnf». The students v^ith no opinion 'nake up the reraaininp 
and unreported percentaj^e. 

The correct answers are circled. 

t 

1. - 3. '^^;a!lin9 the labeled specimens and identify then using the 
namns in the lists belotr 

1) (A^Lli>\estone; B) HeiTuitlte, C) Shale. . ])) Quartzlte 



A 


jJ 


30?: 




c 


c 


A 


B 


30% 




C 


C 


A 


K 


30% 




C 


C 


A 

3o:: 


B 


C ^1 


A 


0 


20% 





2) A) Brachiopod; Echlnoid ; C) Crlnoid: n) Pelccypod 



3) A) Sandstone: B) Limestone; C) Basalt; Shale 



4. tniich situation probably led to the formation of the limestone 
in Calhoun Bluffs? 

A deep sea covered the area for iiany years. 
G) A shallov svanp vlth rich plant life covered the area. 

C) r-unnlnj^ rivers laid do\m lincstone fron the ?.ocklas. 

D) A deep lake evaporated over this area, leaving line deposits. 

5. TTt^ich statenent is true about rock that is 5T - 100 million 
years old in this area of iCansas? 

A) It is covered by the Pennsylvanian rocU, so v/e cannot see it* 

B) It contains the limestone seen in Calhoun Bluffs. 
^CJ> It va^ oroded avjay and no lon:^er exists in this part of 

ICansas . 

O 1> D) It uas brought down by the Kansas placier. 
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A 


D 








c) 


307 




D) 


C 


D 








7. 






A) 


A 


B 


B) 


20% 






C 


U 





6» Pved quartzltc boulders are: 



A) letamorphic lltncstone. 



7. Which of the statements belot; Is correct? 



lu ICansas. 



Exawlne the sketch below j then answer questions 8 - 10. Each 
letter could be used nore than once. 




C 



3. IHiich layer of ronk is liuestone? 

A B 

.OX ^ © c 

C 0 

9. TJhich layer is shale? 



A B 

40% 




B C 



C D 

10. Tniich layer V7ould wahe the best building material? 
A (b) C 
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A 
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11, TJhlch of the followlnf* anlrials left this fossil? 
A) Rrachiopods (n^ Crlnoids C) Ectoprocts D) Corals 




A 



12, Select the correct siatenent about rocks near the surface of 
different parts of Kansas, 

ax) Eastern ICansas rocks are older than TJeotern Kansas rocks, 
3) \;estem ICansas rocks are older than Eastern Kansas rocks. 

C) Rocks in all parts of the state are about the same a'^e, 

D) ''^cks in the southvrest corner of Kansas are the oldest rocks. 



A 
15?. 



A 

20% 



B 



1) 



13. Exatnine the sketck belot;, and choose the beat explanation for 
the difference betv/een its ripht and left sides. 




A) Erosion has Iwrered the rocks on the left. 

Urosion has cut layers from below the rocks on the left. 
C) ?joc]ia vrere deposited into an old river valley on the left, 
n) The delta's e'.f.e v/as to the rif^ht, so rocks v/ere built hifher. 



14. !Jhich of the foUoi/ln^ aninals arc very tiny and collect food 
with waving tentacles? Its colonies leave fossils with 
this pattern: 

A) Brachlopods (b)) Ecto^cts C) Fusulinids D) Gastropods 



A 

20% 



A 

25% 
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B 
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15. On the I^nsas nap belmr, trhat area includes the counties where 
you would be nost likely to find dinosaur fossils? 



A 


(3> 


c 


^1 


i 




1 

1 

1 


1 1 



16 • !Thich of these environments will lielp fortd shale? 



A) Deep ocean vrater. 

B) Shallot? ocean water. 
(&> 'lud flats In deltas • 

OjT liver bottoms 4nd shallot; lakes. 
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A 


B 


20% 




C 


1' 


A 


D 


207 




c 


D 


A 


B 






c 


D 


A 


B 


20'/ 




c 


D 


A 


B 


2or^ 




c 


D 


A 


B 


20?. 




C 


D 



17. >1u'it vnterlal left by glaciers In Sha^mee County provides the r 
greatest Incone for cltlsens of the county? 

A) Gcin stones 
^ Sell 
C) Quartzlte 
}J) Sand and gravel 



1''.. If half of Kansas xras pushed up into ♦;he air about 4,000 feet, 
what vraulO probably happen to Missouri and Oklahona? 

A) They irould have volcanoes erupt. 

B) They would be lifted along with ICansas. 

<Cj> They would soon receive rocl-s and sand from erosion of Kansas. 
Tliey .'ould experience no particular change. 



19. 



'Hilcli of the areas narked on the I'^nsas nap below are most 
likely to contain coal layers near the surface? 




20. 



If 1,000 anlnialo died today In Kansas » how many would probably 
becone fosollo? 



A) 100 or nore 

B) n-os> 

C) 1-9 

4^ Probably none of the anlnals would becot^ fossils. 

21. If the dark layer of rocks contained oil, which one of the rock 
arranpenents would yield the nost oil at the spot Indicated by 
the arrows? 





22. On thft nfln below, select the nr^'a of ICansaa with the greatest 
contrasts in hills, valleys, and scenery. 





B 






.J 









Module : 2 



BEST COPY mUBlE 



Page 13 



23. Which of tha pictures below is of a brachiopod? 



A B 

30% 



C D 







A 

20Z 



B 



24. Examine the four cross sections below, and select the oldest 
and youngest rock layers. Rock layers of the same type are 
numbered the same. 

A) 1 - youngeet (^p 13 - youngest C) 9 - youngest D) 3 - youngest 
12- oldest 6 - oldest 10 - oldest 2 - oldest 





13 




9 




1 




8 




2 




3 


7 




1 




3 




5 


9 




7 




5 




14 


2 




9 




14 




12 


10 




2 




12 




6 
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A B 

C D 



A B 
C ~ 



Use the four descriptions below to ansv^cr questions 25 and 26. 

A. A thick layer (30 feet +) of silt and glacial debris covers 
limestone rock. 

B. A thin broken layer of sandstone covers a thick (30 f feet) 
layer of shale. 

C. A thin layer of shale and soil covers a thick layer of 
line 8 tone. 

T). A thin layer of soil covers a thick layer of stream deposits. 

25. VJhich of the conditions above will be certain to be very 
expensive for hone buildinf, and laying sewage systeus? 



20. Miich of the conditions above t.'ill require a reinforced 

base^nent and will not allow most septic systetns to work well? 
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PART 

Your answers to questions ll-hc Mill help us deteriiue v'hat you think of the 
rodule In roneral. Please use this key: 

A - Yes (or I af»ree) P - I'n not sure C ■ To (or I disagree) 

27. I thin): uc had to o;o throu:::h this r'odule too fast. ABC 



+B~ 



+B- 



+B- 



+B- 



20. I think our class discussions vrere interesting and 



+B- infor.'iative. ABC 

?9. Schools should teach more about the ways the cnviron- 



+B- T'ent affects our lives. ABC 

30. ty teacher helped answer inost of tty questions about 



+"~ ideas presented iu this module. ABC 

31. I thlnl' ue used the self-test questions in a way that 



+P- helped ne loam and think. ABC 

32. V.a discussed the films in a vray that helped each 



+E- of uo learn and think. ABC 

33. I think ny teacher enjoyed teaching this nodule. A 3 C 



3A. I thin!, most other students enjoyed studyinr;: this 



+B- nodule. ABC 

35. .tost of the necessary papers and supplies were ready 



+B- T/hen we needed then. ABC 

36. I think that most of the questions ashed by this 



+E- test were fair. ABC 
37. I thini- the papers in thin Module contain useful and 



+B- interest in(;( information. ABC 
30. I think the papers in the r:odule could be easily read. ABC 



39. I think the ideas covered in this module fit toi*ether 



+B- pretty vjall. ABC 

AO. The fil'»s used in the module trere interesting and useful. A B C 

41. 1 enjoyed takin,'» the trip, and I learned a lot. ABC 



42. The trip leaders did a ^ood job helpin|» me learn on 



+B- the trip. ABC 

43. I discussed some of the things in this module with ny 



+B- family or friends. ABC 
44. I thinl. the activities and exercises in this module 



+B- were interesting and useful. ABC 
45. Overall, I think this module ims well worth the tine t/e 



+B- spent studying it in class. ABC 

Q 46. I v»ould like to study other modules developed by the 

ERXC^" Environmental Education Project. ABC 
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The TopcUa Public and Parochial Schools 
Unified Cchool District No. 501 
Environmental Education Denonstratlon Project 



IJTR0DUCTia4 



The Environmental Education Project vras created by the Topelca School System to 
help you learn about your envlronnent. The project develops and tests materials 
for classroor! and flelt' trip activities. This riodule is about ceolory. You vill 
study hoTT the rocUs beneath you trcre formed, and hov; their presence affects your 
life today. 

The nodule discusses four main questions: 

1) Tmat forces have shaped the hills and formed the soils in 
Sharmee County? 

2) ^^at are the fossils found near Topeha, and what environinent 
was needed to produce then? 

3) l!oT7 do the rocUs and fossils of Kansas vary across the state? 
A) ITotT does reolojry affect the life of a city dweller? 

Follo*rln«» your stuO.y of this nodule, your class vrill investigate the rocks found 
at Calhoun Bluffs, a larpe cliff northeast of Topeka on Hif^hway 24. 

The Environnertal Education Project t.«ill use test results to determine t/Iiat you 
learned frou the rodule and v»hat you think alout different parts of it. You will 
be jriven tests over the ^•'odule before and after you study it. The tests will be 
used to det^mine t?liat chances should be made in the rmterial. IHiether or not the 
teacher «^rades you usinn these tent results is a decision to be made by your 
teacher. Test rtuestiono «,;111 be draxm froti student self-test questions with each 
paper and the field trip. 

All of your ansvrcrs to the factual test questions trill be reported to your teacher 
for use in ^^radinr. Tiic test will also contain a set of questions about your 
opinions. Your answers to these nuestions t;lll be used by the Envlrcimental 
Education staff to Irprove the mterial you are studying. 
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Green parses In the teacher's material usually will contain three sections: 

1) Topics and Concepts' - lists the Ideas from the student papers and exercises 
that Trill be on the final test. The numbers of the topics correspond with the 
behavioral objectives Hated In the front portion of this module. 

2) Teacher r.uj»f.estlons ' - provides backf.round material and sup.^estlons for pre- 
sentlnjt the paper or exercise. 

3) Anrrers to Student S^elf-Test Questions ' - provides anm/crs and follw/-up 
riaterlal to help In a discussion and review of the self-test. 

Thl3 Introf'uctory paper Is concerned with the followlnj* three attitudes. Tliey will 
be nurtured throu«:hout the next ttTO treeks as the students v/orl: with this nodule. 



TOPICS A r? COMCEPTS TESTED 

1) ritudcnts should read each opinion question on the final test and try to respond , 
truthfully. 

2) Upon completion of this nodule, students should Indicate a desire to study 
other rH)dule8 developed by the Envlrontaental Education Project. 

3) Upon conpletlon of this «nodule, students should Indicate a desire to study 
nore ?Aterlal about nan's relationship to his environment. 



TEACHER SUGGESTIONS 
Please brlnr out three points during, the introduction: 

1) This rodule is about r:eolor.y, ^Tliich plays a very large, >ut often unseen, 
role in everyone's life. 

2) Ttie project is very interested in student and teacher opinions, criticisms, and 
coroll'ients . ^Te ?»et these corunents durinp the field trip, fror. teachers, 
verbal and written co^vnents, and from opinion questions on the student test. 
Please encourarre students to react to the material bein." presented. Pass their 
reactions and yours on to us. 

3) You should make it clear if students will be praded usins the factual part of 
the posttQSt. The tests are fair» and are strictly based on the behavioral 
objectives Included in this nodule. If the students understand each paper's 
student self-test questions and thct field trip rtaterial, they should do very 
well on the post test. 
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GeologlstB divide hifjiory into large of time- called periods. Several 

perioda are then gtouped together tv ioim erac. Tho flic Earth Science; Parade 
of Ancient Life icvlcws how animal anJ plnnf Jife haa changed during the three 
most recent er&ii. As you wctch the HIti, try to identify kinds of animal and 
plant fossils you would expect to fjnd in difierent areas of Kansas. 

In Kansas, the rocks near the statf»'s surface repv'isent only six different per- 
iods in three eras. Hocks formed during other periods either eroded yearu ago 
or are found deep beneath the sttat:e'a surface. The map below showa the periods 
when the surface Ir^yers of rocks were formed. The chart below the map shows 
when each period was in existence. 
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Figure 1. Stirface P- c^k Layers of Kansoe (note: thin quatcrnery layers of soil 
and river deposits r!ot shova on thic map*) 



era 



Cenozolc 



Meaozolc 



Paleozoic 



Period 

Quaternary 
Tertiary 

Cretaceous 

Pemlan 

P<innsylvanlan 

Misslfisippxan 



Approx iTn ate Tiine 

o_f Depogtition 
Now 1 million years 
1-70 million years 

70-.135 million years 

225-270 million years 
270-330 million years 
330-350 million yaars 
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Table .1 . Ages of Rock Surface Layers of Kansas 
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View the fllra, and answer the queetlona below. 

Student Self Test 

1) flhleh county in Kansas has the oldest surface rocka? 

2) Shawnee County has a thin layer of Quaternary «;;laclal deposits which lie 
over thick rock layers of another period. According to the nap, how old are 
those thick rock layers? 

3) ' Equus" neans 'horse.' \Jhere in ICansas would you expect to find horse 
fossils? These fossils were fomed durlnp. vihat period? 

4) Describe the plants and anioals that were alive when the Pennsylvanian 
rocks v;ere belns deposited. 

5) Tifhere would you expect to find coal in Kansas? 

6) Describe the plants and animals that were alive when the Cretaceous rocks 
were bein^ deposited. 

7) Describe the plants and aninals that were alive \ihen the Tertiary and 
Quaternary rocks were bein;; deposited. 

8) If 1000 animals died in ICansas this year, how many vfould you expect to become 
fossils? 
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Given a map of Kansas divided Into five sections, students shall be able 
to select the sections offering the oldest and youngest surface layers 
of rock. 

Given the oap described above, students shall be able to select the 
section most likely to contain dinosaur fossils la the surface layers 
of rock. 

Given the map described above, students shall be able to select the 
sections most likely to contain coal. 

Students shall Indicate that less than one out of every 1000 snloalj 
vhlch die becomes a fossil. 



Teacher Suggestions 

Before showing the flln, have students read Paper B and discuss the ages and 
locations of the various rock layer? In Kansas. Student Self Test questions ij 
2, and 3 could be answered at this tine. Should students asU where the Jurassic 
and Tr lassie (135-270 nllllon years ago) rocks havn jone, point out that they 
are thin layers of sandstone and shale which have largely eroded and seldou oake 
an appearance between the Pemlan and Cretaceous deposits. 

Berln shoi/lng the fllra Earth Science; F grade of Ancient Life , and allow It to 
run until the following chart for Trllobites first appears. Stop the flln and 
ask the review questions below. 




T h^f llm nentions that rost fossils are found In sedimentary rocks. Why 
at^osslls locate'! In then? 

Answer. Sedimentary rocks are formed fron sand, rauti, or dead bodies of millions 
of snail animals and plants. Fossils nay be forr^td when an organism, or parts 
of an or«:anl8n are burled In the sediments. 

Turn on the projector, but use the 'still" knob to hold the chart of the Trllo- 
blte populatlo)! on the screen. Explain that the number of animals is based on 
^stluates cade from the number of fossils discovered in rocks of the various 
period? . 

Ask the question: Would you find more Trllobites In the early or late 
Paleozoic rocks?' 

Answer: Early Paleosolc 
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Aak the question: TJould you expect to find large numbers of Trllobltes In 
upper Tennsylvanlan rock layers? 

Anstrer; IIo 



Before proceedln;; with the show, point out that tlie rocks around Topeka were 
deposited during the Pennsylvanlan Period. The fossils t:iilch will be shown 
for the rest of the Paleozoic Era can be found in limestone around Topeka. 

J3Ti2; Running, the flla In reverse oonentarlly before continuing; through the 
f lln will enable students to pick up the thrust of the film when It was 
stopped. 

Stop the fllr. when It begins to Introduce the :!esozoic Zra usinc the tlTie line 
berilnnlnf" 2A0 years ayto and ending 70 million years ago. 

Ask the students these questions: 

1. Kow did the =.inds of anlnals with backbones chan^ie during tfie Paleozoic Era? 

Ansvrer; Fish developed. Gorie of these fish developed lun;»8 and priultlve lejs. 
From these fish, anphibl-ins developed. At the end of the era, nany fish, 
luns fish, and anphlbians were livln«;. 

2. How did plant life change durlnf this era? 

Answer: Prin.ltlve algae developed into mrc conplex seavreeds. Sons of this sea- 
weed developed the ability to live alons the trater's ed^e where they were 
alternately covered by water and air. Soee of these plants developed into the 
dense ever<'.reen swaups which raade uost of the coal and oil we use today. In 
Kansas, coal seans are corTxm only in the Pennsylvanlan roclcs which were 
f orued by a lar^e ocean which alternately retreated to expose vast mid flats 
and swaraps, then advanced to bury the swaaps with deposits which eventually 
becane linestone. 

3. How did plants of the PalecTolc Era influence the lives we lead today? 

Ansv«r. Coal, oil, and natural gas arc all created from dead plant bodies froti 
the Paleozoic Era* 

Before proceeding, have students anst/er Student Self Test questions A and 5. 

Sto2 the fllu after reachinr, the introduction to the Cenozoic Era. Ask these 
questions at this point: 

1. How did backboned <minals chan?.e during, the Hesozolc Era? 

Ansvrer. Some ar'phlblans developed Into reptiles. Soiie reptiles developed into 
prlnltlve birds and namnals. At the conclusion of this era, fish, 4Uiiphlbians, 
reptiles, rtarmls, and birds were all cornon. 

2. ^^Jhat types of reptiles lived during the Hesozolc i:ra7 

Answer t ninosaurs lived on land and in the water. 'y<rne reptiles could fly. 
In addition, reptiles like those living today lived at this titie. These 
included snakes, turtles, and crocodiles. 
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3. !'?hat chanr*e8 occurred In plants during this era? 

Answer; The ever.^reens were largely replaced by flowering plants by the end of the 
Iteaoxolc. 

Before proceedln<>, have students anax^er questions 5 and 7. 

Finish the flliu, then use this question to review the Cenozolc lira. 

1. ^ihat chanj»es occurred In backboned animals durln* the Cenoioic Era? 

/inswer? lost reptiles disappeared, nodem birds and mannals appeared, and nan 
arnearec! very late In the era. Althou<rh the fllra did not liientlon this, nost 
r»i!ern bony fish first appeared durlnr. the Cenozolc. 



Answers - Student Self Test Questions 

Q-1. l?hlch county In T'^nsas has the oldest surface rocks? 

A, Cherokee (S. E. comer) 

Q-2. Shavmee County has a thin layer of Quaternary .»laclal deposit lyln? over 
thick rock layers of another period. According to the Tsap, how old are 
those thick rock layers? 

A. The layers are Pennsylvanlan rocks, 270-330 nlllion years old. 

(h3. Equus neans 'horse. ' TJhere In Kansas would you expect to find horse 
fossils? These fossils were fonoed during what period? 

A. The F.ouus be»l8 ' are In central .Cansas In ilcPherson and Ilarvey Counties. 
The dotted pattern used to Indicate the area la that used for the Quater- 
nary sand dune area, so the fossl's are less than one nllllon years old. 

0-4. Describe the plants and anlnals that were alive when the Pennsylvanlan 
rocks were beln,': deposited. 

A. In the oceans, nany species of fish, coral, brachlopods, protozoa, and a 
rrlde variety of al<»,ae were present. Dense evergreen forests with r»any 
species of Insects, slu«»s, and other primitive anlnals existed on land. 

Q-5. !^ere would you expect to find coal in Tensas? 

A. You would predict coal in the . llsslsslpplan, Pennsylvanlan, and Permian 
rocks since much of the vrorld's coal was forned during the Paleozoic Era. 
These rocl-s occupy the upper layers of the eactem third of Kansas. 

In fact, only the Pennsylvanlan layers have larj'C deposits of coal. The 
lississlppian Period left mostly a cherty litres tone vrith some beds of zinc 
and lead and salt. During the Permian Period, a portion of the ocean which 
covered ICansas was cut off and left behind thick layers of evaporites, lime- 
stone, and red sandstone, but very little coal. 

Q-6. Describe the plants and animals that were alive when the Cretaceous rocks 
were beinr. deposited. 

ERIC 
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Q<-C. Describe the plants and animals that were alive when the Cretaceous rocks 
were belnp; deposited. 

A. Durlnn the Cretaceous Period, dinosaurs became the dofnlnant land animals » 
but primitive birds and mainnals were appearlnc and beclnnlnf* to provide 
conpetitlon near the conclusion of the period. Kverpreens were beln^ re- 
placed by flowering deciduous plants, and a wide variety of wild life com- 
munities were taking*, fom. 

Q-7. VJhere In Kansas would you expect to find dinosaur fossils? 

A. Dinosaur fossils would be expected in the north central counties and alonn 
the Smoky Hill River as it extends t;est to Wallace County. 

Q-S. Describe the plants and aiiimals that were alive when the Tertiary and 
Quaternary rocks vrere being deposited. 

A. liammals, birds, and flowering plants evolved at a rapid rate during this 
period. The first of the grassland planes appeared and v;ere filled with 
horses » canels, elephants, bison, and tlners. In the Quaternary Period, 
two ice sheets advanced into the upper comer of the state, and about 20,000 
years ago, man arrived in the state. 

Q-9. If 1»000 animals a led in Kansas this year, hot; many would you expect to 
becone fossils? 

A. ;!one. Host animals are eaten or decayed long before layers of sand or 
other secllr\ents can exclude enough oxygen to halt deconpooition. Only 
the very rare anltial v;ho was burled by mudslide, thick layers of flood mud, 
or volcanic ash would have the remote chance of becoming a fossil in later 
years. Scientists estimate that the average animal (worn. Insect, horse, 
or whatever) has much less than a 1 in 1,000 chance of becoming a fossil. 
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Most people are ffuu.lllar vith the su;^irv utaty rocks lying near the surface In 
Kansasi for thene are aeen beside roade> In stream channelsi and at construction 
sites. However, the rock layers dip downward as you go west in Kansas. Thus, 
the rocks at thv. surface In Shatmee County are over 1,000 feet beneath the sur- 
face in Saline County, just 100 miles to tha WQat# 




Figure 1* Sedimentary Rocks Dl:^ Down to the West in F^nsas. 



la addition to dipping to the W3st, two other major forces influenced the posi- 
tions of the rock layers in Kansas: A) Rock layers have been distorted as anti- 
clines have pushed layers upward to be eroded and basins have sunk to be filled 
with sediments. 3) The \ocky Mountains began to rise about 75 million years 
ago. As they pushed up, rivers carrying rocks, gravel, and sand from the eroding 
mountains washed over western Kansas and left behind hundreds of feet of deposits. 
These deposits left the great Plains. In addition, all of Kansas eroded, with 
the eastern half eroding the most rapidly and losing thousands of feet of rock 
layers . 

If one had a giant knife and could cut across the middle of the state from the 
west to the east, the rock layers would have the shape shown below. 
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Figure 2. Cross Section of Kansas Rocks. 



One thing should be uoted-'-the cross section above Is only seven thousand feet 
thick, but Is over cwo million feet long. The rock layers are really quite thin 
when compared with the total width of the state. 



BEST COPY mmii 



Paper C 
Page 2 



The shap'j and position of these underground rock layers strongly influences vrhere 
oil will be found. For Instance, the sharp bump in the Vrecambrian rock in Morris 
County marks the Neiuahft \titlclJ.nc'. Thl; anticline extends across Kansas from 
Nebraska to Oklahoma. I.t pusluci upward duriug tiie Penn.sylvaniaii Period, causing 
a sharp bend in the MluflJsslpplan racks which contained large quantities of oil. 
Since oil moves upward through port)ua rock layota, it migrated to the top of the 
anticline. There, much of the oil bearing rock was eroded before the anticline 
was covered by Pennaylvanian deposit s. Many oil wells In Kansas are drilled over 
the Nemaha Anticline' seeking to remove the oil rem-iiulng in the Mississippian r'>cks. 
Some wells are successful, others tiad nc oil because the oil bearing rocks eroued 
millions of years ago. 

The tilt of the rock layers enKhe kinds of rocks near the surface also influence 
the appearance of the Kansas landscape. Geologists classify Kansas Into several 
physiographic provinces, or areas of similar hills, valleys, and exposed rock layers, 
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Figure 3. Physiographic Provinces of Kansas. 



The Osage Cuestus in Southeastern Kansas contaitis a series of east facing cliffs 
formed when ^oft shales of the Penneylvanian Period erode beneath protective 
layers of hard limestone. 
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Figure A. Osage Cuesta Cross Section. 

The Glaciated Region of Northeastern Kansas contains rolling hills formed by 
erosion of thick layers of soil, pebbles, and boulders left behind by glaciers 
which retreated only 20,000 years ago. 
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The Flint Illlls of east central Kansas contain steep-sided hills covered with flat 
caps of chcrty llrtestone. 

The 'led Hills are one of the ^oat beautiful areas of Kansas, with very steep sided 
buttes and mesas touerlnf above ravines. All of these features arc cut frcn red 
sandstones and shales fomed during the Perulan Period. 

The I7ellln7,ton Area Is stillar to the ^^ed Kills, but the red shale Is softer and 
the steep buttes are replacerl by ncdiuu r.ized hills. 

The Great Bend Prairie Is forried from Quaternary sands deposited by the Arkansas 
"'.Iver, and later blown about by winds. These winds created hune sand dunes. The 
hills have not blo\m much since the dust bov;l of the lS30's, so grass and sriall 
trees now cover the rolling sand dunes. 

The Gmoky l?ills feature flat topped mesas and rldf»es with caps of rusty-brovm 
sandstone and low hills fomed of the shale and clialk beds deposited during the 
Cretaceous Period. 

The El3h Plains are the very flat plains fomed of sands and gravels carried from 
the fvocky i fountains during the Tertiary Period. The flat plains are cut Into 
broad river valleys and narrov; canyons and draws by the Infrequent rains of the 
area. 

Thus, ICansas contains a variety of landscapes curved from rochs nllllons of yearn 
old. By laiowlnt* a?res of the rocks, the slope of the surface rocks, and the recent 
jcologlc history of the ar«?a, geoloc-lsts can piredlct the fossils, slopes of hills, 
and minerals most likely to be found under each of the counties In Kansas. 



Student Self Test 

1) rjaiae one county in Kansas which would need a tunnel over two thousand feet 
deep to find a fossil frora the Peniian Period. 

2) Ilame one county In Kansas v/hlch could not obtain a Permian fossil no natter 
how far they tunneled dovm. List two possible reasons v/hy no Permian fossils 
V70uld be found In this county. 

3) VHiy do geolo<>l8ts seek to locate anticlines, not basins, v/hen they are 
drilling for oil? 

• 

4) Would you expect to find large, fields of very productive corn In Barber 
County? V/hy or v;hy not? 

5) In which of the physiographic provinces of Kansas would the hills change shape 
the most rapidly during a severe drought? \/hy? 

6) In whic'i of the phy8lo?»raphlc provinces of Kansas would builders have the most 
trouble predicting the kinds of rocl-.o they would find when digging trenches 
for foundations and sewer lines? 

7) Irtilch pair of physiojr.raphic provinces in Kansas has bepn greatly affected by 
occur ranees in surrounding areas? 
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Behavioral 
Objective 
•funber 

A. Given a wap of Kansas divided Into five sections, students shall be able 
to select the sections offering the oldest and youncest surface layers of 
rocks. 

0. Given four sketches of rock layers depicting anticlines, syncllnes, flat 
layers, and eroded anticlines, the sketch of, an arcn "oat likely to yield 
lar:je quantities of oil. 

r. Selact the area of .'A.isas rrith the '^raatest contrasts in physic raphy. 

10. Students shall be able to select one effect of nountain bulldinp on the 
surroundin(» lands. 

Teacher Suggestions 

In preaenting this paper, students xnay ask questions about the Silurian, Devonian, 
Cambrian, Ordovldan, and Precanbrian rocks. These layers x/ere not discussed 
in the previous paper since they do not appear near the surface in lUmsas. All 
but the Precambrian layers consist primarily of limestone, vith some layers of 
shale, sandstone, and dolonite. All contain some oil, with sas and water found 
in the Ordovldan rock. 

The Precambrian layers contain a mixture of igneous and aetanorphic rocks. 



Answers - Student Self Test Questions 

Q-1. iTane one county in ICansas which would need a tunnel over two thousand feet 
ies? to find a fossil froii the Peruian Period. 

A. Wallace County and nost other counties in the western tier would have 
Pernian rocks well over 2,000 feet beneath the surface. 

0-2. :iane one county in I^ansas t^hich could not obtain a Pernian fossil no matter 
hov far they tunneled dmm. List two possible reasons why no Permian fossils 
would be found in this county. 

A. Franklin, (iani, and moot other counties in the eastern two tiers would not 
contain Pernian fossils because either 1) tlie Permian rock has completely 
eroded or 2) the rock was never deposited. 

Q-3. ITiy do «eolo«»lsts seek to locate anticlines, not basins, when they are 
drilline: for oil? 

A. Oil tends to iilfrate upr/ard in rocks »^ilch allorr Its passage. In an anti- 
cline, the oil trould move up until an impervious layer was reached. In a 
basin, the oil would be diffusely spread throur^hout the area. (The naln 
reason for frequent disapnointments in drilllnr, over the ilenaha Anticline 
is that the impervious capping layers were penetrated and much of the oil 
probably drained into the seas of the Pennsylvanlan Period as it raisrated up 
the anticline.) 
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Q-A. TTould you expect to find large fields of very productive corn in Barber 
County? VJhy or why not? 

A. Uo. The ^cd Illlle ara in a dry area v/lth extreraely ruRiftcd terrain of 

buttesy nesas, and ravines. Lack of tnoloture (as indicated by the terrain) 
and a lack of areas for larj^e fields of anything are indicated by the des- 
cription of the Tved Hills. 

Q«-5. In uhich of the physio<<;raphic provinces of ICansaa would the hills change 
the most rapidly during a severe drouf;ht? ^^hy? 

A. The Great Bend Prairie, with its \mfte sand dunes now covered with thin lay** 
ers of vegetation y is the province nost susceptible to wind erosion. Tlie 
drifts are nuch nore likely to chanr^e shape than are the limestone or sand- 
stone capped hills characterising nuch of the state. The high plains, with 
their flat surfaces of water deposited soil, gravel, and sand are susceptible 
to severe wind erosion, but whole hills t;ill seldom be created or destroyed. 

Q-6. In \;hich of the physiographic provinces of I^nsas would builders have the 
most trouble predicting the hinds of rocks they would find when digging; 
trenches for foundations and sewer lines? 

A. The Glacial Rerlon can nlve builders many suprises. Conglomerate layers 
of granite, quartslte, and chert cemented by v;ater deposits may lie near 
the surface. Huge boulders of met amorphic and l!|^eous rock may be buried 
under thin (or thick) layers of soil. Tlilck layers of loess (wind blown 
soil) may form the hills. All in all, planning major construction projects 
always involves a de.^ree of risk in this region. 

T'Thich pair of physiographic provinces in ICansas lias been greatly affected 
by occurrences in surrounding areas? 

A. The High Plains received very large amounts of debris from the Tlocky 
'lountains as they eroded. 

The Glaciated region was affected by ice fomed ns far north as Canada. 
The Great Bend Prairie was strongly affected by sand washing from the Ilocky 
Mountains, over the Great Plains, and into the Arkansas River Valley. 
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Calhoun Bluffs — A General Description 

You have studied the periods t/heu sedimentary rocks wern deposited In Kansas, the 
ftcneral outline of tho rock layers underpround, and the v;ays these rocko affect 
the appearance of ICansas. This paper t/111 bef.ln a discussion of a specific area 
In Kansas, Calhoun Bluffs. 

A description of Calhoun Bluffs should bo^in v;lth tho present day surface that 
Is easily seen to the north of the I^ausas ;ilver and in a fev; Instances a little 
south of the ^vlver. As you fjo to Perry Dan and reservoir from Topeka, you pass 
throjfih so'^^ia of the nost distinctive land and countryside of any In Kansas. 
Civilised hunan occupation of this land may perhaps 30 back only 130 years; but 
the history of this land bejan lone before this. (See attached map, pace 2.) 

This land Is, of course, ao old as tho earth In one vay of looking at It. Rut In 
the fori that you nox.7 observe It^ In the forr^ of these rocks, rolllna uplands, 
and strean eroded valleys Its history started about 300 million years ago. 

About this tine (300 nillion yrsars a;jo) is uhen these rocks were belnf; deposited 
alonj the ed<^c of a ^reat Inland ocean. Tliese deposits built up limestone, shale, 
and sandstone. Any rocks deposited froit about 275 pillion years ajo until the 
past 1,000,000 years have been eroded a\7ay In this part of i:ansas. 

Tlie nai.ie of the bluffs coi.ies from the fact that they were in Calhoun County, Kansas, 
uhlch was later chanped to Jaclcson County. Calhoun County was named In honor of 
John C. Calhoun. Politicians In early day Kansas, flshtlnc for Topeka to be the 
county seat as opposed to Tecuttseh and other hopefuls, changed the northern 
boundary of Cha^naoe County from the Tvansas Illver north to Include .forth Topeka 
and land for several miles north, so that Topeka \rould be more centrally located. 
This xras done In October of n57. This move nade the Calhoun Bluffs (which 
retained their name after Calhoun County was clianged to Jackson County) a part 
of Shatmee County. 

•iuch of the topsoll of northeastern Kansas was brought here during tlie last 
nillion years by f^laclers from the north which twice Invaded ICansas. The first 
fjlacler to cover any part of ICansas was the Tebrashan^ v;hlch covered only a few 
extreme northeastern counties • The second » the Kansas f^lacler, covered more ter- 
ritory^ extendlnf> as far south as the nortliem parts o^ Shaxmee, Douglas, and 
Johnson Counties and as far west as Marshall and Pottawatomie County. Altogether, 
it touched or covered thirteen counties of northeastern ICansas. 

This ?>lacler crea^sd much of our valuable topsoll as It melted, dropped Its load 
of rocks and soil, and retreated northward. The deposited material was left as It 
fell with lar^e rocks rlpht alongside small pebbles. It la called unconsolidated 
Kansas till. In this till are found rock slses from boulders to clay, sand, 
pebbles, and gravel. Red Ouartzlte boulders are a prominent feature of the land- 
( *ape and thosa are easily recof,nlzed. 

This |?laclal till, since the retreat of the last r:lacler some ten or eleven 
thousand years a^o has been vreathered and eroded, ftivlnf^ the softly rounded undu- 
lating; surface of the uplands and broad river valleys such as the Kansas Ulver 
Valley upon which Topeka Is situated. In the Calhoun Bluff area this topsoll Is 
about three and one-half feet thick. 
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MAP OF CALHOUN BLUFFS 



A»D KANSAS RIVER VALLEY 




GHANTVILLE 
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The area to the north of the Kansas :Uvcr irs e::cellent for collectint rock 
spcciiieas of exotic types Including; n^ns tones of interest to the "rock hound ' as 
veil as apeciucns for the anateur r?eolonist, r,one of the lore intercstlns types 
are Lake Superior a«nt2» jaspero, brain a.'^ate, stao' y quartz, rose quartz, "and' 
banded chert. Granites, "codes, iron ores, native copper, quartzite, boulder 
clays and other types may also be fount'. The orir:in of these materials is from 
leva and farther norths where the debris v.^s scraped from their place of orijin 
and transported in the glaciers to this area and depositcri. 

Sands and n^avels fron the ICansas till have boon eroded frojii the surface and dep- 
osited In river valleys in sorted layers. The sands are of econonic inportance, 
and wo have several sand conpanies on the ICansas "iver at Topeka. The clay of 
the flacicr deposits north of Topeka are also of economic value in the ceraiiics in- 
dustry. Ti e very fertile soil of the I'^iisas r.iver Vrlley is due in f-reat part to 
the t'eposits first brouf^ht here by the glaciers and transported then by rivers and 
streams to the Kaw Valley. 

The contours of the land where we live and Vre surface itself is due to the action 
of t!ie past Million years, "-.laciation, deposition, then erosion, \7eatherin3 and 
redeposition. 



Student Celf Teat 

1. 'n-^t happened to rocks in this area that are 100-200 tiillion years old? 

2. ^^at has caused Topeka to have a \;ide variety of rocks in the surface layer of 
soil? 

3. ]*ow did the "jlacier contribute to our econony? 

4. TJhich type of rocks deposited by the ;»laci«>r is nost covnonly seen in Topeka? 
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Behavioral 
Objective 
number 

11. Students shall Indicate that In lUinsas nore uiaterlal Is nm/ belnj; lost 
through erosion than Is pained throush deposition. 

12. Students shall Indicate that rocks (other than (>laclal) deposited less 
than 300 million years aco have eroded from Thavmee County. 

13. Students shall correctly Identify the origin of the red quartzlte boulders 
found In Topeka. 

14. Students shall Indicate that the soli was the most valuable rtaterlal depo- 
sited by the ir^nsaa r;lacler. 



Teacher Suf^gestlons 

This paper Is designed as a neneral Introduction to the cteology of Calhoun Bluffs 
and the surrounding countryside. It Is also designed to encourage students to 
appreciate the effects of the Kansas glacier on this region. 

In the TopeI<a area, the glacier pushed across the Kansas Illver and up against 
Burnett's ?lound. East of the mound, the ice pushed southvrard well beyond the area 
now occupied by Forbes to the edge of the Uakarusa ttlver Valley. West of Burnett's 
!ound. the Shun^animga Creek served as the southern boundary to the Ice flow. 

TIirou'»hout this area> the glacial drift varies fron a £«/ Inches on some of the 
larper hills to over 50 feet In sone river valleys. 



AnsT/ers - Student Self Teat Questions 

Q-1. l/hat happened to rocks In this area that are 100-230 million years old? 

A, \\oc\i8 of this age have been eroded and no longer exist. 

Itote. follm7 this question v/lth *Ilov» old are the rock layers found In this 
county?' (about 300 million years) 

Are we now depositing: or losln^r layers of rock?" (losing) 

Q-2. IJhat has caused Topeka to have a wide variety of rocks In the surface layer 
of soil? 

A. The glacier has deposited quartzlte from Iov;a, basalt from Canada, agates 
from around Lake Superior^ and rocks from a wide variety of other sources. 

Q-3. Hon did the glacier contribute to our econorjy? 

A. Its primary contribution was a soil rich In minerals and t;lth a good mixture 
of gravel, sand, silt, and clay. The a;cm8tones are too rare to be of 
economic importance. 

Q-4. VHiich type of rocks deposited by the glacier is most commonly seen in Topeka? 

A. ned quartzlte boulders dot yards and can be found in rod walls throughout 
^ Topeka. One of the most impressive collections is the wall on the north side 
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WHAT IS A FOSSIL? FossiXg traces or remains of ancient plants or animals that 
have been preserved xn the earth's r.ruat hy natural means. To be called a fossil, 
organisms must have been burled before man began keeping historical records. Fossil- 
Izatlon of an organism can occur only under conditions that are unfavorable to the 
life of bacteria. For this reason animals that live In the sea are much more 
commonly fossilized than those which live on land. Sea animals are more likely 
to be burled b> sediment which forms a protective covering and hinders decay and 
oxidation. 

There are 10 basic kinds of fossils found in the rocks of Calhoun Bluffs. This 
paper will describe how to identify the fossils and describe the type of animal 
or plant which probably left the fossil. 

1. Brachiopods . Br&chiopods are HTOdll 
animals which live only in oceans. They 
have two shells that are unequal in size end 
shape. Modern brachiopods are often called 
lamp shells because they look like the 
lamps our ancestors used. They feed by suck- 
ing water In one side of their body, filter- 
ing out small plants and aulvaJs, and then 
blowing the water out the other side. Brachiopods 
were very common during the Pennsylvanian Period 
and left many fossils. 



Pedicle Shell 




Age l!^ 



nes 



To decide whether or not the focsil is a 

brachlopod, examine both shells lo see if one 

(the pedicle) is larger than the other (the brachial.) 



Brachial 

Shell 



The pictures below and on the next page Illustrate several common brachiopods of 
the Pennsylvanian Age: 






side 



top (pedicle) 
Neospirlf fer (3 views) 



hinge end 
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Compos tta , x 1 
Brachial view 



Lino Productua , x 1 
Pedicle view 



Antlquatonla x h 
Pedicle view 
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2. Pelecvpoda . Pelecypods are cloaely related to brachiopods, and have almost 
replaced them In today's oceans. The pedicle and brachial ahellB of the pelecypods 
are Identical, but the right and left sides ci each shell are not the same. They 
are filter feeders who siphon water in one side, filter it, and eject it out the 
other aide as do the brachiopoda.. Fossils of the animals are rare in the 
Pennsylvanlan rocks. Only one shell of each pelecypod Is shown below since the 
other is identical: 




, , Septimyalina x 1 Aviculopecten x k 

Wilkingia X k Myallna x 1 



3. Gastropods. Gastropods are conmcnly called snails. Their shells may be 
spired, cone-shaped, or even internal as in slugs. These aninals feed by lick- 
ing their food with a tongue equipped with tiny teeth. The tongue-teeth tear 
off small pieces of material which can then be digested. Fossil j of the gastro- 
pods can usually be found with careful searching In the Pennsylvanlan rocks. 





Hypselentoma x 2 
Medium-spired gastropod 



4. Ostracodes . Ostracodes are very small 
animals with bean-shaped shells enclosing a 
uegaented body with legs and antennae. They 
shed their shells as they grew and contributed 
fossils to maay of the Pennavlvanlan rocks. 
These animals probably fed on small green plants 
called algae. 

The picture of the oetracode Amphiasite has 
been enlarged 100 times. Its real-life size 
would be about 7 mm. In diameter. 




Meekospir a x 2 
High-spirea gastropod 
i 




Amphlssites x 100 
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Cf Inoids* Crinoldis were small «^nimsls with a crown attached to a wore or less 
flexible stem. The cn>vn coTU;l;3tr:5 of a cup with attached anas and a small mouth 
at the base of the arms. Thlr^ nniiD.al rerun Ins a:tac'bod to rocka and other materials 
with a hold fast, and nsds it« aam to c.^ipture 3tti3.U. . animals and plants that float 
by* Its fossils are very cumon In llmc'Sturu^ , but remains of the whole animal can 
seldom be found, Steni frapaftnts ar^ the inc9t ccmon fossils of this animal. 





oldfast 



A Typical Crinoid 



6. Fuaulinida . Fuaulinids are single-colled animalb which form small shells that 
look like grains of wheat. Inside the shell are tiny chambers connected by holes. 
The animal's body can flow back and forth through the holes, and long arms may be 
extended beyond the body to capture algae and other single-celled animals. Fusulinids 
were very common in some ancient rocks. They are called **index fossils" because 
their presence can be nearly positive proof of the age of a rock. Fusulinids are 
very important to gaologls: s, for they can be brought to the surface by oil wells 
and easily Identified. Thus, layers of rock far beneath the surface can be connected 
with similar layers uundreds of miles away. 





Fusulinidi 
External View x 



10 



Fu8tilinid> 
Croas Ejection x 15 




Limfstona Containing 
Fusuiin .d Fossils x 2 
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Ec hinolds ^ Sea urchins are ^mall round animals which uae spines to move and 
CO protect themselves. The spim^s ate connected to a skeleton of six-sided plates 
juried just beneath the ''sKxn." The splxieu arc quite common In the Pennsylvanian 
rocks, and the plates may be found with e.iforr. and Juck. Echinoids feed on small 
mlmais and plants which attach to exposed objects xa the ocean. Kodcm echinoids 
lay be found in almost any ocean environmont and at all but the greatest depths. 




Echinoid Spine x 3 




Modern EchliiOid Echinoid x 3 



3* Ecioproc tg are cowrajtily called mo38 animals because their colonies look like 
sm&ll cJ.utnbs of moss. ^lodern colonias are made up of tiny animals like those on 
the next page* Each aniinal occupies a cxny hole in the "apartment house*' deposited 
by the colony. Sever?! vcrletlc?^ of fo^j^illsv^d t?xtoproct colonies can be found in 
the Pennsylvanian rockti. 




Idealized 
Bctoproct X 50 



^« Coral * Coral are relatives of jelly fish which make a hard external skeleton. 
The coral has a mouth surrounded by tentacles equipped with stinging cells. The 
coral's body extended down Into the tubular body through small columns. Rom 
coral are the most common corals found In Pennsylvanlan rocks. 



10* Plants . Remains of plants are common In the 
Pennsylvanlan rocks, but are very hard to Identify. 
In this area, layers of coal and sandstone both contain 
small pieces of leaves and stems of long extinct plants. 
However, these fossil remains are almost always too 
fragmented to Identify. Algae may also have left 
fossils. These appear as thin mats of material which 

give some limestones a banded appearance. Some of the Pennsylvanlan plant fossils 
are shown on the next page. 




Horn 
Coral X 1 
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Leaf Frond of Scouring Rur.h x 1 Cordaite Leaf x h 

Neuropterls x 1 



Student Self Teat 

1) How are brachiopods and pclecypods different? How are they Lhe sane? 

2) Which of the aniaials described above use tentacle© to capture food? Which of 
these animals are the smallest? 

3) Which of the anlitals describad above v/ould usually leave fossils that are less 
than one~half an Inch long? 



4) Identify the three fossils shown below and describe how the animal which left 
them obtained its food. 




5) Which of the fossils described in the paper did not eat animals or plants? 



Teacher 

(oaule. 2 Paper E 

Page B 

Topics and Concepts 

Celiavloral 
Objective 
Mutaber 

7. Given a map of Kansas, students shall be able to select the sections most 
lll ely to contain coal. 

15. Students shall be able to riatch the word crlnold ' with a picture of one 
of Its plates. 

16. Students shall be able to tnatch a sketch of an ectoproct with a description 
of Its food gathering neclianlsn. 

17. Students shall be able to select a brachlopod fron a set of four sketches. 



Teacher Cusrestlons 

The purpose of this paper Is to help students understand the survival nechanlsns 
used by nodern relatives of Pennsylvanlan fossils and to develop vocabulary appro- 
priate for the field trip. 

One vocabulary chanjre vrhlch should be noted— the phylum Bryozoa has been ellnlnated 
In liioot Qodern texts, and has been replaced by txro new phyla—Ectoprocta and 
Entoprocta. The latter leaves no fossil record In the Pennsylvanlan rocks. 

Appendix A contains larr:e pictures of the fossils Tnost likely to be found In our 
field trip. A short spell down' or pane-like drill with these pictures will help 
students obtain loaxinum profit fron their field trip. 



Answers — Student Self Test 

Q-1. How are barchlopods and pelecypods different? I!ow are they the saue? 

A. TJrachlopods have two shells (the brachial and pedicle) which are not identical. 
Pelecypods have two shells which are identical, but neither shell is symaetri- 
cal. 

Both are alike in that they have two shells and are filter feeders. 

0-2. ^Thlch of the animals described above use tentacles to capture food? !rhich of 
these anlnals are the suallest? 

A. Crlnoids, ectoprocts, and coral all use tentacles to capture food. Of these, 
the ectoprocts are the smallest anlnals. 

0-3. T^lch of the anlnals described above v;ould usually leave fossils that are less 
than one-half an inch Ion?,? 

A. Bchlnoids, ostracodes, fusulinids, crlnoids, and ectoprocts will usually 
leave fossils which are less than a half -inch lone. 
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O-A. Irlcntlfy the three fossils shovm below and describe how the anlraal which 
left thetn obtained Its food. 

A* A— Brachlopod obtains Its food by filtering water sucked between Its shells • 

n-TFctoprocts capture snail anlnals and plants with tentacles « 

C — Fusullnids extend soft arris of rmterlal out of holes In the shell and 
capture other orRanlmjis^ 

0-5 • VJhich of the fossils described In the paper did not eat animals or plants? 

A. The plant fossils « (This vrould be a fiood opportunity to point out that plants 
probably made up over OOZ of the total weif>ht of ornanisns> but left very few 
reitains. Soft bodied anlnals » such as slu^s. Jelly fish^ and woros, also 
left very few fossils* 
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Paper D <:ave a quick description of the area surrounding Calhoun Bluffs. Paper E 
dcscrlbetl the kinds of fossils noBt likely to be found in its rocks. This paper 
describes those rocks and explains hov; they T^ere identified. 

After readinft this paper and doin^ the exercises assir.ned by your teacher, you 
should be able to a) dianran shale, liriestone, and sandstone rock layers b) er.- 
plain hox^ these layers were laid dovm:; c) figure out which layers of rock contain 
certain tyneo of fossils; and d) explain hov; <»eolo(>ists correlate rock, layers frori 
one area to anot!ier. 

The Description 

Durin«» the Pennsylvanian, 270-330 nillion years a.'*©, this area of ITorth America 
was covered with water. During these 60 million years (rer^rber - the United States 
was established about two hundred years ago) the vmter slowly changed back and 
forth between shallow, brackish water to deeper salt water as the ocean advanced 
and retreated. This slo\7 c'langinc back and forth from deep to shallow water laid 
dovm the Materials vrhich make the alternatin.T shale and litnestone layers that form 
Calhoun Bluffs today. 

Startin*- with tua oWest layero of rock, (tliose at the bottom) and working up, 
this paper will explain what each layer looks like, what made it, and what fossils 
arc found in it. 

The loTTest and oldest layer of the rocks exposed at Calhoun Bluffs is the Ervine 
Creek Lincstone. !Je can see only the upper few feet of this limestone, w!iich must 
have been formed under a deep ocean. IJhen exposed to weather, this limestone is 
softer than riany kinds and erodes in rounded layero. It contains loany Fusulinids, 
Ectoproct9,Drachiopods, and a few Gastropods. 

The sea gradually retreated, and a delta region must have existed for many years 
as the Calhoun Shale was deposited. This layer of shale received its nane be- 
cause a very jood example is found at the Calhoun Bluffs area. Rivers runnins 
through the delta left much siltstone and sandstone in old river channels found 
throughout the Calhoun Shale. This layer has a few fossil Crinoids, Fusulinids, 
Ectoprocts, and Ostracodes. Plant fossils uay be found in its lov/er beds of silt- 
stone^ and thin layers of coal can be found in upper levels. 

The sei advanced over t!ie old r?elta, and the Tiartford Limestone was formed. It 
is a prominent t;hite litacstone that vjeathcrs brovmish and contains Fusulinids, 
al^ae fossils, c'lanbered sponpe (found only in this layer), and alitiost every other 
kind of fossil found at Calhoun Bluffs, horn corals can usually be found in the 
lower level of this linest:,ae. 

The sea retreated, arid lox^a-Point Shale was formed in a delta. This is a thin 
layer of shale tliat has some mica, sandstone and limestone in it. It contains 
Crinoids, Sctoprocts, and ?.rachiopods. 

The sea advanced again to make the next layer at Calhoun Bluffs. The Curson 
Lireotone has txro to four beds (each bed is slightly different) of bluish-gray 
to brown, hard limestone. Fusulinids are found in the lower beds with Brachiopods 
and I'ctoprocts in the Middle and Osagia Algae occasionally found in the top beds, 
Crinoids, Echinoid spines, Pelecypods, and Gastropods are found in all beds. 



After the sea finally retreated, and the mud flats returned, the Jones Point Chale 
was laid down. A fev; fossils are found in this layer, but the most interesting 
RTr' '® litpestonc nodules. These are little pieces of liwestone 
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which, uhen broken, show snail crystals of calclte. This layer Is about five feet 
thick in the Calhoun fluffs cut. 

Sheldon Liuostone was then for.\eu belov; t!ie sea. It is a lljht pray to x;hlte 
liFcatone that is fine grained and veathsrs yellowish to »ray. Its shape is 
smooth and rounded, x^ich io not Hire the sharp anfles of the Curzon Llnestone. 
This bed contains fossil al^ae, Crlnoids, llctoprocts, Kchinoid Gpines, Brachiopods , 
and Gastropods, i/ith a fev; Fusullnlds. 

Once a^^ain, the ocean retreated, and this tine the Turner Creek Shale was formed. 
This layer contains some claystone, slltstone, and limestone beds in it, as well 
.as the shale from which It nets its navre. It has Crlr.old, Pelccypod, Brachiopod, 
and occasionally, Ostracode fossils. 

The next layer is a thin layer of i^uBols Llnestone., which is a dark blue to Qveen 
stone vrhen fresh, but it also v/eathers to a brovm color. This layer contains 
about every type of fossil found at Calhoun Bluff 3. 

The highest rock layer In this area io the Holt Shale layer. It is a bluish-gray 
to black shale about 290 million years old. It contains fossilised Brachiopods, 
I^ctoprocts., and Pelccypods. 

The top soil on top of Tilhoun Bluffs Is less than one nilllon years old. It 
contains pieces of rocks, such as «»ranite and quartzlte, broucht dotm by the Kansas 
rtlacier. 

The rock layers between one rlllion and 290 nlllion years are gone from this part 
of T^,an3a8. They rrere renoved by the p.laclers, by erosion frori rivers and vlnd, 
and soiie t^ay have never been deposited. 

Student Self Test 

1. IJliat conditions lead to the fomatlon of shale? 

2. IJhat conditions lead to the forriatlon of liiuestoiie? 

3. iraich layer Is the thickest in Calhoun Bluffs? 

A. Fill in the v/ork sheet for paj»es D-4 and D-5 provided by your teacher. l?hlch 
layers have fossils found In no other layers in Calhoun Bluffs? Wiich layers 
have y rich assortnent of alnost every kind of fossil? 

5. Describe in your otm words tTie procedure used to decide if Calhoun Shale 
and llartford Limestone are found in another area, such as Eraporla, Kansas or 
Lincoln lebraska. 
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Topics and Concepts 

Behavioral 
Objective 

Iluinber 



6* Given a map of Kansas divided Into five sections, students shall be able 
to select the sectlonaf most likely to contain coal* 

12. Students shall Indicate that rocks (other than glacial) deposited less than 
290 nllllon years ago have eroded from Shawnee County* 

IC. Students shall select the type of habitat responsible for depositing the 
material in limestone rocks* 



19. Students shall select the habitat responsible for depositing the material 
In shale roclcs« 

20* Given an unlabeled cross^sectlonal sketch of an area similar to Calhoun 
Uluffs, students shall be able to Identify the limestone layer. 

21* Given tlie sketch described above, students shall be able to Identify the 
shale layer* 

22* Given four separate cross sections of rock layers v7!iich can be correlated, 
students shall be able to select the oldest and youngest layers of rock* 



Teacher Suggestions 



Duplicate papers 7-7 and F-G and have the students fill in the sketches and note 
the fossils they should expect to find in each layer* If students bring these 
papers on the field trip, they will help direct attention to itnique fossils found 
in the various layers* 

Following this exercise, use the Transparencies found in Appendix B in the 
following manner: 

Shm; Transparency 1 and point out tliat sequences 1 and 4 belong to two rock out« 
crops found 100 Itm apart, and rot necessarily at the relative elevations shown* 
Explain that they are to ntake a geologic correlatljn of these two outcrops frodi 
the liiformatlon presented in the visual* Their goal will be to determine if thi- 
layered rocks in the tv;o outcrops belong to the same sequence of deposition* Have 
your students identify each rock type by name, using the key at the lower left* 



Suggested Questions and Possible Ansv^ers 



I. l^lch bed in sequence I is the youngest? Why? (Conglornerace* In an un- 
disturbed sequence, the youngest rock is at the top*) 

2* TThich bed in sequence I is the oldest* T/hy? (Gray limestone* In an undis- 
turbed sequence, the oldest rock is at the bottom*) 

3* TJhich bed in sequence IV is the oldest? !Thich is the youngest? (The oldest 
is limestone with fossils* The youngest is red shale.) 
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Circle t\\c foc^ilQ and ijkatch tho rock layers described as you read the paper about 
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4. Do sequences I and IV have any layers in corimon? (Ho.) 

5. Can you correlate, or match, t'le two sequences from what you now Icnow? (ilo.) 

Place Pane 2 on Pa.^e 1. Sequences 2 and 3, although located between 1 and 4, are 
asaln not necessarily shown at their proper elevations. You might stress to your 
students that they must consider the elevations of the four sequences to be flex- 
ible (the sequences nay have been shifted or even bent or warped, for example) 
in order to correlate them through beds counon to several sequences. 

Sug<»ested Questions and Possible Answers 

1. tmich la the youngest rock in sequence 2? vnilch is the oldest? (The 
youngest is gray lljaestone. The oldest is Hues tone with fossils.) 

2. imich in the youngest rod; in sequence 3? Which is the oldest? (The 
youngest is conglomerafi. The oldest is chalk.) 

3. tniat rocks do sequences 1 and 2 have in coninon? (Gray limestone.) 

4. THiat rocks do sequences 1 and 3 have in ctnraaon? (Both contain gray limestone 
overlain by conglomerate . ) 

5. IJhat rocks do sequences 2 and 4 have in common? (Sequence 2 contains all the 
layers found li. sequence* 4 in exactly the same order. However, sequence 

2 contains one layer more tl-^m senuenc" 4.J_ 

6. TJhat rocks do sequences 3 and 4 have in cojOTon? (Both contain chalk overlain 
by red shale.) 

7. TT^at rocks do sequences 2 and 3 have in common? (Both contain the series 
c'lalk, red shale, and gray limestone.) 

8. TIov; can you use the beds common to sequences 2 and 3 to correlate sequences 

1 and 4? (Since sequences 1 and 3 both contain rray limestone overlain by 
by conglomerate, they can be correlated directly. Sequences 2 and 4 can be 
correlated because in both of then limestone with fossils, green sandstone, 
dolomite, chalk, and red shale occur in exactly the same order* Sequences 

2 and 3 can be correlated from their common sequence of chalk overlain by 
red shale and gray limestone- This process now makes it possible finally to 
correlate sequence 1 with sequence 4, even though no one rock layer is common 
to both. (Students may arrive at this correlation through a different series 
of steps. An alternate procedure, for example, is to note that chalk over- 
lain by red sliale is cor.rion to and relates sequences 2, 3, and 4. I/hen 3 and 
1 are correlated through their comon layers, it becones pobsible to corre- 
late 1 and 4.) 

9. resinning with the old.est, list the rocks in the order of their formation. 
(Limestone vith fossils, green sandstone, dolomite, chalk, ret*, shale, <»ray 
linestone, conglomerate, gray sandstone, gray shale, red sandstone, and 
conglomerate. 
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nenove pa«.e 1 and 2. ^hox; page 3. J'nve students check their answers to the 
previous series of questions. You nay wish to discuss areas of difficulty with 
then at this tii^ie, contrasting the nethod of correlation used here with that 
actuclly used by geologists. Unlike the students, the reolofjist in the field 
will be attare of the relative vertical locations of two or more similar beds of 
O :fc in different outcrops. Unfortunately, however, the field geologist does not 
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usually encounter the Ideal situation shovm In this visual. Here the beds have 
not been disturbed or deformed since the rocks were formed » and they continue 
without Interruption for some distance. In nature, layers of rock may gradually 
thin out and disappear, or they nay simply be mlsslnn* For escamplet the sane 
deposit of shale may overlie sandstone and limestone at one spot and only lime- 
stone at another, perhaps because the sandstone at the second place was removed 
by erosion or was not part of the original sequence of deposition. 



Answers - Student Self Test Questions 

Q-l. Vlhat conditions lead to the formation of shale? 

A. A shallow, brackish n^amp or lake. 

Q-2. IJhat conditions lead to the formation of limestone? 

A. A deep ocean. 

IJlilch layer Is the thickest In Calhoun Bluffs? 

A. Calhoun shale Is by far the thickest member In the series. It Is about 
50 feet thick where we will be working. 

Q-*4. Fill In the ^yovk sheet for paf^es D-A and D-5 provided by your teacher. 
TJhlch layers have fossils found In no other layers In Calhoun Bluffs? 
IThlch layers have a rich assortment of almost every kind of fossil? 

A. Calhoun shale has plant fossils found In none of the other layers. 
Hartford limestone contains chambered sponge (and Horned Coral Is 
almost never found elsewhere.) Curzon Limestone, Sheldon Lloestone^ 
and DuBols Limestone contain nearly all types of the fossils which can 
be found at Calhoun Bluffs (with the exception of the two listed above.) 

0-3. Describe In your own words the procedure used to decide If Calhoun Shale 
and Hartford Limestone are found In another area, such as libporla, Kansas 
or Lincoln, Nebraska. 

A. Students should have a good cvasp of these points. 

1) Each rock layer In the section Is carefully examined and measured. 

2) Tlie physical descriptions of the rock^ are made, and fossils contained 
In It are noted. 

3) Geolonlsts then attempt to align the sections so that rock layers 
with slmlllar characteristics occur In Identical sequences. 

/> the alignment can not be made, then sections closer toRether must 

be examined to determine layers which may have been removed by erosion or 
never deposited over the distance between the two orlfrlnal sections. 
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Does Geology Really Affect Us? 

Geology helped determine Topeka's location* The original settlers chose Topeka 
for their home for three reasons: the Kansas River (at that time) could be 
used to ship supplies to and from the east; the Kansas River Valley Is one of the 
most fertile valleys In the nation; and the river had low banks and was easily 
crossed near Topeka. This created a natural flow of wagon traffic toward Topeka. 

All of these conditions were created through geological events happening long 
before man arrived In Kansas. The wide, deep river channel was cut, in part, 
by water rushing east from glaciers melting thousands of years ago. The fertile 
valley soil was produced by erosion of soil and rock in Western Kansas and ly 
material left from glaciers. The low river banks near Topeka were caused by 
a hard layer of rock which could not be cut deeply. This rock lays beneath the 
river bed and causes the river to widen, rather than deepen near Topeka. 

The activities of the glaciers still influence building activities near Topeka. 
Homes with basements will cost much more to build if their owner chooses a hill 
of glacial debris for his homesite. Boulders the size of a room may lie just 
beneath the soil in some areas of Topeka. A road builder nearly destroyed his 
business when one highway was being built near Topeka. lie had not seen that he 
would be required to build much of the road through hills of glacial debris that 
could not be blasted apart and were made of giant boulders packed in gravel and 
hard clays. The price he had bid to build the highway did not cover his costs. 

The limestone layers beneath our county also have a strong influence on the building 
industry. To easily build basements and to lay sewer lines deep enough to avoid 
freezing, the upper rock layers must be at least 12 feet below the surface of the 
soil. Many hillsides within Topeka lie vacant because builders were unable to 
economically construct homes on the property they purchased. 

Limestone also helps builders. Its hard, white surface can be reen in homes, 
fences, and retaining walls throughout our area. Limestone has even helped to 
create most of the hills throughout our county. Long ago, when streams were 
cutting their valleys, layers of particularly hard limestone were encountered. 
The rivers often cut around, rather than through, these harder layers. Hills 
were formed beneath the protective limestone as the water cut away surrounding 
rocks and soils. 

Clay produced from the shale layers in our rocks is also Important to Topekans. 
The clay once supplied the material for a very large brick industry. Ceramics, 
pottery, and some bricks are still made using the clay exposed throughout our 
county. 

The same clay that was so useful for brick production hurts thousands of home 
owners throughout the county each year. Homes built in heavy clay layers will 
have continual problems with basement flooding, as the clay expands and contracts 
around the foundation of their home. The clay often conducts water to the edge 
of the basement and may form a water jacket around the basement after each prolonged 
rain. 

Septic tanks of homes built on heavy clay will not work as intended. The clay 
does not allow the water to move down and through the soil. Instead, the sewage 
v;ater creates soft spots and open, polluted puddles of water in low areas near 
the home. This problem is particularly bad in suburbs built north of the Kansas 
River. 
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Coal from the Nodaway coal bed xma used to heat the homes of Topekans during 
the 19th century, but no mlnlnn activity has been reported since 1927. Strip 
pits and shaft mines v/ere used In what Is now called Gage Park and alone 
Shunganunga Creek In the southwestern corner . of Topeka. The large v;ater fowl 
area In the park covers one of the largeot abaft nines In the county. The coal 
was from a high quality bituminous bed of about one foot In thickness. 

Sand and gravel Is produced from the sandy soil along the Kansas River and from 
aevcrr.X quarries south of the river. The sand and gravel is used for building, 
paving, and roadflll. Most of this material was brought to Topeka by the Kansas 
glacier. 

Finally, geology of this area has supplied a rcv;ardlng hobby to hundreds of rock 
hunters. Agates and other beautiful rocks can be found among the glacial till 
in our county. Those interested in this hobby have formed a large and thriving 
organization of rock hounds. 

STUDENT SELF-TEST 

1) How have glaciers affected man's activities in our county? 

2) How can limestone layers hurt our building Industry? How can they help it? 

3) List one useful and one harmful property of shale. 

A) The Nodaway coal bed was found near the surface In v/estern Topeka. You have 
studied the rocks exposed east of Topeka. Uould you expect to find the 
Ilodaway coal beneath the Calhoun Bluffs rocks, or eroded from their surface? 

IJhy? 
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Behavioral 
Objective 

Hunber T oplct and Concepts 

6 Students shall be able to select the areas of Kansas 

most likely to contain coal In rock layers near the 
surface. 



11 Students shall Indicate that more material Is now being 

lost through erosion than Is gained through deposition 
In Kansas. 

23 Given a cross-sectional sketch of a cliff, students shall 

be able to select the bed of rocks best suited for building 
material . 

24, 25 Given a set of four descriptions of the upper 10 feet 

of soil and rock, students shall be able to pick the 
conditions most likely to cause two specific problems 
with home construction. 



Teacher Suggestions 

This paper serves only as a very quick overview of the relationship between 
geology and urban planning. Should you wish to go Into more depth, the 
environmental education project has two excellent sources - "A Pilot Study 
of Land Use Planning and Environmental Geology" published by the State 
Geological Survey of Kansas; and "Environmental Planning and Geology" by the 
U.S.Departir.ent of Housing and Urban Development. 
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Answers Student Self Test 

Q^l. How have glaciers affected inan's activities In our county? 

A. Glaciers have deposited lar^e boulders beneath the surface of much of 
the county, have left behind sand and gravel Iciportant to the building 
Industry, and have left much of the high quality farming soil In the 
county. 

Q*2« How can limestone layers hurt our building industry? How can they help it? 

A. Limestone beds too near the surface can make the cost of building basements 
and laying water lines prohibitively expensive* People who buy undeveloped 
plots of land with the intention of building homes frequently get caught 
by this problem, and students should be at/are of its existence. 

They help the building industry directly as limestone "bricks^^ for many 
buildings and landscape purposes andt V7hen processed, as a key ingredient 
in cement. 

List one useful and one harmful property of shale. 

A. Shale is useful as the main ingredient in making bricks. It also breaks 
dovm to form soil, and provides a good cushion between home foundations and 
solid limestone layers. 

Its main disadvantage is that it forms clay, which provides a poor support 
for dry and unreinforced basements. Clay shrinks and swells to such an 
extent that concrete b'^ock walls or poorly built walls will crack* Then^ 
water will seep through the cracks to create a damp basement. 

The Hodaway coal bed was found near the surface in western Topeka. You 
have studied the rocks exposed east of Topeka. Ifould you expect to find 
the Hodaway coal beneath the Calhoun Bluffs rock8» or eroded from their 
surface? IJhy? 

A. Hodaway coal lies about 40 feet above Holt Shale, the top member of the 
Calhoun Bluff sequence. Coal Creek Limestone (4k.5:;i.eet) lies above the 
Holt Shale, and Severy Shale (30-50 feet) lies above the Limestone* 
The Uodax/ay coal bed lies in the upper portion of the Severy Shale« 

Students should have been able to predict that the coal has eroded from 
the Calhoun Bluff surface since it is mined near the land's surface 
west of the Bluffs. Since the rock layers slope down to the west, 
surface layers to the east are almost always beneath those to the west. 

Use this opportunity to re-emphasi2e that almost all expoeed surfaces 
loose more material than they gain, and that millions of pounds of coal 
and oil have been lost as rocks have eroded over the past hundreds of 
millions of years. Tlore rocks will probably not be deposited in Kansas 
until its elevation has been lowered by 1000 feet. 
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The Field Trip 
Topics and Concepts 

Bohavlnrfll ^vjcr-i- iv»o /i - 25 will all h» revlei/ed during the trip. In addition, 
the ♦•ojectlves belovr vill be incroduced and taught. 



26. Given a sketch of rock layers on one side of a slump, students shall be 
able to select the best explanation of the cause. 

27. - 

29. Students shall correctly Identify labled specimens of limestone, shale 
and Echlnold fossils. 

Us inn Field Trip Forms 
"Fequest to Principal for Field Tr ip" form 

Three copies of this form must be submitted for each field trip. They should 
be submitted as early as possible and at least one week prior to the trip. You 
may use the form on page 11-2 in either of two ways: duplicate it the proper 
number of times, fill in the required information, and turn in to your principal; 
or obtain the proper number of request forms from your principal and transfer 
this information to it. 

Please invite your principals to attend this trip with you. It will provide 
them a much better picture of the value of field trips than could be conveyed 
in any number of words. 

"Parental Permission'' forms 

Duplicate page H-3, and strongly urge your students to have their parents read 
and sign these sheets. They are quite important to the continued success of 
this project and in establiahing some conanunication from you to the parents. We 
need the volunteers that are occasionally picked up with this form, and the 
community should be aware of what the project and its teachers are doln>» with 
their students. Ue also need the emergency phone numbers in case a student 
should be hurt. 

Have the class fill out the first three blank lines before sending the forms 
home. Please bring the forms with you when boarding the bus. 

Geoloffv V/ork Sheet 

Duplicate one copy of this form (pages H-5 and 11-6) for each student if you 
wish to have it used on the field trip. Notify the project of your Intention 
to use, or not use, this work sheet at least one day prior to the trip. 
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Comwunlty resources are valuable aids to the Instructional proprain. Careful 
planning and proper follow-up are necessary In order to make the trip most 
*.»orthi;hlle. This form should be properly completed In TRIPLICATE and signed by 
the teacher and principal. The original copy Is filed In the principal's 
office. The principal shall send duplicates to the office of instruction and 
departmental supervisor. 

School__ Departmen t Science S ubject and Class 

Date of Trip Leave ^Return ^Iumber of Pupils 

Description of Tri p The class will travel to the Calhoun Dluffs north of 

Topeka on Hip.hwav 24 for a three-hour field trip. The trip will have one 

trained adult guide for every eight students. 

Objectives of the Trip To relate concepts developed during the pre-trlp and post - 

trl£ stud y of ReoloRv to the surrounding environment of Shatmee County. 

The trip will Include fosoll hunting « rock identification, and rock column 

analysis . 



Means of Transportation Environmental Education bus. 



Required Student Cost none 

Teacher Signature Date 



I approve the above request and accept the responsibility for the field trip 
as stated in the guidelines on the reverse side. 



Principal's Signature 



Date 
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The Topeka Public and Parochial Schools 
Unified School District Ho. 501 
Environmental Education Demonstration Project 
Phone: 357-0351, Extension 28 



The ^school science students ln_ ^class 

will be participating in a three-hour field trip to Calhoun Dluffs on 



Transportation and volunteer leaders for the trip will be supplied by the 
Outdoor Envircnmental Education Project. Students .should wear durable , washable 
clothing and stout shoes. 

If you give permission to take this trip, please ansv/er 

th«? following questions, and give your signature below. 



Signature of Parent 

Emergency Information: 



Home Phone 



Alternate Phone_ 
Doctor's Name 



Doctor's Phone. 



The Outdoor Environmental Education Project takes students from all over Topeka 
on many different kinds of field trips. If you would be interested in serving 
as a volunteer to lead students on any of our trips, please indicate yo"^_^ 
interests below. You would be trained for any trip before being put in charge 
of a small group of students. You are also welcome to visit any trip if you 
so desire. 

Uith training, I could help lead a field trip. □ Yes Q Uo 
1 would like to work with: Sixth Graders □ Junior High Q 

Senior High □ 
I would like to help on these types of trips: 

Museums □ Woodlands □ Nature Study (Sixth GradeQ 

Geology □ Industry □ Laboratories □ 

llame , - 



Address 
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Planning for the Substitute 



The substitute provided by our project Is able to present Papers D, E, F, and G. 
Provide the substitute with lesson plans for each class which would allow her 
to present meaningful and Interesting material. 

notify both the substitute and the students of the various discipline tools 
at her disposal, for many classes prefer to harass rather than learn from 
a substitutes 



1. Remind students where they x/lll meet the bus and the tine for departure and 
return to the school. 

2. Students will be climbing up and down steep slopes with much shale for tt^o 
hours. They should wear durable pants and comfortable old walking shoes. 

3. Cat a nutritious breakfast and (In case of afternoon trips) lunch. Students 
with Inadequate meals tire out quickly, and grumbling stomachs provide strong 
competition for constructive learning. 

4. Behavior during the trip: a) Groups may be assigned or selected at random 
by the staff, b) The trip Is an Intensive learning experience, so come 
prepared to t/ork and learn, c) No horseplay Is allot/ed. The rocks and 
steep slopes are too dangerous to allow Inattentive behavior. The guides 
are under strict orders to terminate the trip after Issuing one warning. 
Students will not be allowed to endanger themselves or others. 



The trip requires a full three hours to reach every objective. If less than 
that time is available, portions of the trip will be trimmed from the agenda. 



Pre-trlp Lecture Suggestions 



Field Trip Time Line 



Travel to Calhoun Bluffs and disembarking time 

Tour of the area 

Travel to the school and disembarking time. . 



30 minutes 
2 hours 
30 minutes 
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Site A ♦ 

l) What layers are you working in? 



-Top Soil 

-Holt Shale 
^^.Jf j^^ JBuBois Limestone 

Turner Creek Shale 



JZ^IJ^-. Sheldon iiiaestone 
- Cones Point Sft.tle 



in 



T 



• Curzon Limestone 




Iowa Point Shale 
Hartford Limestone 




I-X- 



Calhoun Shale 



•Ervlne Craek 
Line^toae 



2) Circle the fossils you find in these layers, 
Bracbiopods, Gastropods, Pelecypods, 
Echinoids, Fusulinlds, Orinoiiia, Bryosoans, 
Coral Othe r 

Site B 

1) ^Jhat layers ere you working in? 

2) Circlo the fossils you find in these leyerc. 

Brachicpods, Gastropods , Felec^iodSy 
EohinoidSy Fusulinids^ Crinoids, BryozoanSi 
Coral Othe r 

Site C 

Identify samples of rocks or minerals in this 
area. Indicate how each rock was niade and why 
you were able to find it in this area. 

Basalt 



Calcite_ 
Coal 



Hematite 



Limestone^ 
Liaonite^^ 
Quartz 



Quartzite^ 
Sandstone^ 
Shale 
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Geology Work 8h%et 



Slte__D 

ExaaJin* the .rock layers of the hill Ui front of you. In the col^awi beloTf, Indicate 
which Inycrs ar« shale, sandstone, or llinostone, &nd how thick each layer is. 



Site R 

As you move up the hill that you ;Ju8t sketched, 
check to see if your guesses about the typ^s of 
rocks were correct. 

Do you see any evidence that rocks in this 
area have changed position from their original 
level beds? List your evidence and suggest 
two possible causes. 



Circle the kinds of fossils you, found in 
this area. 

Brachiopods, Gastropods, Pelecypods, 
Echinoids, Fuaulinids, Crinoids, 
Bryozoans, Coral 
Other 



o 
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